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This investigation was undertaken in order to analyze the microbial
flora of two popular brands of commercial frozen-pack strawberries sold
in major grocery stores in metropolitan Atlanta. The strawberries were
diluted 1:1 and 10:1 and standard plate counts (SPC) were executed for
a period of approximately five months. Tryptone glucose extract agar
(TGE) and Sabouraud agar were the principal bacteriological media used
throughout the plating procedure. The agar plates were incubated at 37 C
and were observed for growth at 24 hr intervals for a period of 72 hr.
The microorganisms that were found growing on the plates were isolated
into pure cultures and subsequently subjected to a series of morphologi
cal and biochemical analyses.
The principal fungus isolated was a yeast belonging to the genus
Saccharomyces. No molds were isolated. The bacterial isolates were
identified as Micrococcus tetragenus, Aerobacter aerogenes, Staphylococcus
epidermidis, Proteus sp. and an unidentifiable species which was subjected
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to extensive studies for a period of one year. The results of these
studies yielded evidence that was indicative of a hitherto undescribed
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Strawberries (Fragaria sp.), because of their nutrient content
89.9% water, 8.3% carbohydrates, 0.8% protein, 0.5% ash, 0.5% fat,
vitamins and other organic compounds, appear to be a good culture medium
for supporting the growth of microorganisms. The usual succession of
microbes seems to be determined by the pH value of strawberries. This
value is generally below that which supports the growth of bacterial
species; therefore, molds and yeasts usually initiate growth on straw
berries and produce alkalizing compounds which elevate the pH such that
bacteria growth will be favored.
Berry (1933) has shown that fresh strawberries commonly harbor
Aerobacter aerogenes, Staphylococcus aureus and £. albus (epidermidis).
Smart (1932) reported that frozen strawberries from a specified locality
contained various species of the genus Bacillus, in addition to the mold
Penicillium and several types of yeast cells.
The objective of this investigation was to determine the microbial
flora of two popular brands of frozen-pack strawberries displayed in
grocery stores in the metropolitan Atlanta area. Moreover, this study
was undertaken in order to add to the existing knowledge of certain
aspects of ecological bacteriology.
The microorganisms isolated from the frozen-pack strawberries were
aerobically analyzed for their morphological and biochemical characteris
tics. One of the bacterial species that was isolated during
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the course of this investigation exhibited morphological and biochemical
features that did not conform to the identity of any of the bacteria
described in Bergey's Manual of Determinative Bacteriology (1974). The
bulk of this study is centered around a description and discussion of
this organism which was studied with the aid of compound, phase and
scanning electron microscopes. Moreover, preliminary studies of in-
fectivity of living strawberry plants with this bacterium were conducted.
CHAPTER II
REVIEW OF LITERATURE
The preservation of foods by freezing has been in practice for
several years, but the application of freezing preservation to fresh
fruits and vegetables is of fairly recent origin. The earliest report
in the literature on the freezing of such products was made by Fulton
(1907) who described procedures for freezing strawberries and other
small fruits. Shortly thereafter,the preservation of strawberries in
the Pacific Northwest grew enormously (Smart, 1934).
When small consumer packages of frozen fruits and vegetables
were first introduced on the market, questions were raised as to whether
or not the frozen products would be hazardous to the consumer's health.
The questions posed, generated an investigation by the Bureau of Plant
Industry of the United States Department of Agriculture in 1929, ac
cording to Smart (1934). During the course of the investigation, some
10,000 can, glass and paper containers of frozen fruits and vegetables
were examined for such qualities as appearance, texture, and taste.
Of the 10,000 samples, 3,000 were tested for their microbial content.
A study prior to that investigation had dealt with determining
the numbers and types of bacteria, yeasts and fungi commonly found on
fruits and vegetables frozen in different ways (Smart, 1932). One
way was to determine the microbial flora of fresh fruits and vegetables
going into frozen-pack products. In this regard, frozen-pack materials
were studied from three major packing centers in the country, namely,
the Pacific Northwest} the Eastern district centering around Norfork,
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Virginia,* and the Southern or Louisiana district. Among the frozen
products studied, frozen-pack strawberries were the most widely used.
A wide variation in the numbers of microorganisms was found on
fresh strawberries depending on their condition when samples were taken
(Berry, 1933). Some of the berries going into frozen packs were fresh,
firm and clean; others were over-ripe, spotted with decay, and had stood
several hours before packing. Some of the microbes isolated were A.
aerogenes, £. aureus and £. albus. Samples of the same lots of fruits
after a year's storage at -5 C showed a remarkable reduction in the
number of viable organisms, amounting in some cases to practical sterili
zation. The fact that defrosted strawberries make an ideal culture
medium for the growth of many microorganisms and that some undesirable
and even dangerous forms may survive the freezing period made it neces
sary to find out exactly how many and what kinds of microorganisms
were found in frozen-packs and how they affected the quality and health
of the defrosted product.
Smart(1934) has shown that fresh-washed strawberries from 3 pack
ing centers contained 14,000 microorganisms per gram of the representa
tive samples. The number of microorganisms surviving a year's storage
was in the range of 90 per gram sample, while 32 per gram sample sur
vived a three year storage period at freezing temperatures.
Plakidas (1964) has shown that a 99.3% reduction in the microbial
content of strawberries took place when they were held in sealed tin
cans and other containers for a year at -4 C. The few surviving micro
organisms increased rapidly as soon as the product was defrosted, thus
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causing fermentation if appropriate organisms were present.
Smart (1934) has indicated that the microbial flora found on
fresh strawberries was different from that of frozen-pack strawberries.
The difference was credited to the fact that samples of fresh straw
berries were taken at intervals during packing, while the entire pack
of the frozen fruit was analyzed and further that some types of bacterium,
yeast, and molds were probably introduced into the frozen strawberries
with the sugar or syrup. Owen (1911) reported the occurrence of several
species of bacteria in sugar, namely Bacillus cohaerens, IJ. megatherium,
jj. mesentericus, B_. prawsnitzii, and 15. vulgatus. Some of these species
were isolated from fresh strawberries while two of them, JJ. mesentericus
and B. vulgatus, appeared only in frozen strawberries and may have been
introduced with the sugar or syrup.
It has been shown by Smart (1932) that the types of bacteria
found in greatest numbers on frozen strawberries from a given locality
remained rather constant. Bacillus mycoides was nearly always present,
as was ]J. silvaticus, IJ. cereus, JB. mesentericus, ]J. subtilis, and t.
platychoma. Among the molds, Penicillium was the most common type
present in frozen strawberries. In her study, several types of yeasts
were isolated but not identified when the frozen strawberries were
reexamined after a storage period of 3 years at -5 C; the microbial flora
included JB. aterrimus, B.. mycoides, JB. lobatus, B.. cereus, B_. fluorescens,
B. subtilis, Achromobacter delmarvae, Penicillium sp., other molds, and
many yeasts.
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Smart (1934) has also shown that molds and yeasts are responsible
for spoilage in defrosted frozen-pack strawberries. The spoilage pro
cess was initiated by molds and followed by yeast fermentation. In
many samples fermentation started without a preliminary growth of molds,
and some packs which showed a heavy surface growth of mold were not
followed by gaseous fermentation.
According to Couey and Follstad (1966), strawberries are highly
susceptible to postharvest decay caused by Botrytis cinerea, Rhizopus
stolonifer and similar species. These investigators indicated that decay
caused by R. stolonifer can usually be controlled by refrigeration below
5 C but that decay caused by ji. cinerea was not controlled as easily by
such a low temperature. However, they demonstrated that an atmosphere
high in carbon dioxide reduced both types of decay. Harvey and Pentzer
(1960), have also shown that an atmosphere high in carbon dioxide reduces
decay caused by £. cinerea.
The results obtained from heat pasteurization of strawberries
indicate that this type of processing greatly reduces decay of California
strawberries without altering the appearance, flavor, or texture of the
berries when handled under simulated commerical conditions (Smart, 1934).
Akamine and Arisumi (1953), have shown that control of postharvest storage
decay of fruits of papaya can be enhanced by the use of hot water. At
many processing factories, heat pasteurization had begun to revolutionize
the packing process. Smoot and Segall (1963), have also shown that hot
water can be used as a postharvest control of Mango arthrocnose.
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Smith (1923) has shown that _B. cinerea is rather easily destroyed
by heat. Smith and Bassett (1964) have provided industries with in
formation that indicated how heat can reduce postharvest decay of peaches
and nectarines with heat treatments. Smith and Worthington (1965) have
shown that the reduction of postharvest decay of strawberries with
chemical and heat treatments has played a vital role in the canning in
dustry. Maxie and Sommer (1964) have shown that gamma irradiation on
strawberries reduces decay.
Cochran and Cox (1959) were able to compose a balanced incomplete-
block design for using the four treatment method during their attempts
to reduce the amount of strawberry decay caused by jJ. cinera. Maxwell
(1961) has shown that the decay data were transformed by taking logarithms
of the percentage decay plus 1 and were analyzed by methods appropriate
for a balanced incomplete block with examinations treated as a split plot.
The survival rate of certain pathogenic bacteria in strawberries
was tested by McCleskey and Christopher (1941). Strawberries were
heavily inoculated with aqueous suspensions of pathogenic bacteria im
mediately before quick freezing in 2.5 pound card board containers of
a commerical type. Samples were taken before the addition of cultures,
after the cultures had been added, and again immediately after freezing.
Storage was at -18 C and samples were removed for analysis at monthly
intervals. The examination included a total count on nutrient agar and
plating on endo's and bismuth sulfide agar for the detection of intesti
nal pathogens. When sliced sweetened berries were used, Eberthella
typhosa survived for 6 months, S_. aureus for 5 months, Salmonella
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aertryke and ^. schottmuelleri for 1 month. Salmonella paratyphi was
recovered at anytime after freezing. In uncut, sweetened berries, E.
typhosa survived for 14 months. When E. typhosa was inoculated into
sliced, sweetened-berries and the inoculated berries were held at 4-5 C,
the death rate of the typhoid organisms was such that 98% were killed
1 day and sterility was reached in 8 days. When storage was at 22-27
C, E. typhosa was not recovered after 6 hours.
CHAPTER III
MATERIALS AND METHODS
During a 5 month period, Orchard Charm and Naturipe frozen-pack
strawberries were examined for their bacterial and fungal flora. The
Orchard Charm strawberries were distributed in Atlanta, Georgia by Cobis
Products Company; Naturipe brand was grown and packed in San Jose,
California.
Isolation Procedure
The entire content of each of 25 ten ounce packs of strawberries
was diluted lsl and 10:1 by adding 50, 11, and lOOg of the strawberries
to 450, 99, and 0 ml of sterile distilled water, respectively in sep
arate blender cups. These dilutions were held constant throughout the
isolation procedure. Each sample was homogenized at approximately
14,000 rpm in a Waring blender for 2 min. An aliquot of 1 ml was taken
from each homogenate and placed in a pharmaceutical bottle which contain
ed 99 ml of sterile distilled water (dilution blank). The mixture in
each bottle was then diluted ten-fold until a final plating factor of
1 x 10 was achieved. Samples of 1 ml from each dilution blank were
plated into sterile Petri dishes and the plates were poured with 12-15
ml of TGE and Sabouraudagar. The dilution plates were done in triplicates.
After solidification of the agar, the plates were incubated at 37 C and
observed at 24 hr intervals for 3 days. If no growth appeared after
72 hr of incubation^ the plates were discarded and recorded as negative.
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The Petri dishes that exhibited colony growth were observed for their
cultural characteristics.
Each of the colonies was tested for purity by the streak plate
method on TGE. Following the establishment of pure cultures, the
microorganisms were transferred to TGE agar slants and incubated at 37 C.
These cultures were carried through a series of staining procedures.
Each isolate was studied microscopically for its staining properties and
morphological characteristics (Table 1). The isolates were then analyzed
biochemically in an effort to classify them (Table 1). Bergey's Manual
of Determinative Bacteriology was used as the main taxonomic reference.
Ancillary Tests
The unknown bacterium alone was further tested for its thermal,
osmoduric, haloduric and psychoduric characteristics (Table 1). In
addition, since some pathogens are known to survive deep freezer (-18 -
-20 C) temperatures, the isolate was tested for its ability to elaborate
virulent agents, that is, coagulase, DNase and alpha toxin (Table 1).
Determination of Generation Time
The generation time of the unknown isolate was determined. The
cells were inoculated to 30 ml of TGE broth and at 0 min, a 1 ml aliquot
of the cell suspension was pipetted into a Petri dish and poured with
TGE. After solidification of the plate, it and the cell suspension
were placed in an incubator held at 37 C. This procedure was repeated
every hr for 24 hr and the number of cells present was counted on each
11
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plate. The generation time was calculated by the formula f= 2 1.
tu
Spectroscopic Studies
Spectroscopic analyses were performed in parallel to the generation
time studies in order to determine if there were any correlation be
tween the two studies. The bacterial cells were physiologically
synchronized prior to the spectroscopic analysis. A broth culture of
the cells was filtered through 0.8, 0.45 and 0.20|^n millipore filters.
Cells from each filter were inoculated in three separate flasks, each
containing 50 ml of TGE broth and incubated for 12-18 hr. Following
incubation, small fractions from each flask were placed into disposable
plastic cuvettes. The absorbance of each sample was determined at 450 nm
with a 102 Hitachi Digital Spectrophotometer. Tryptone glucose extract
broth was used as the standard.
Scanning Electron Microscopic Studies
Cells of the unknown bacterium were subcultured on TGE every 24 hr
for 14 days. After the final subculturing, portions of the bacterium-
containing agar were cut into 11 mm blocks. These blocks were then
placed at the upper level of stationary petri dishes positioned at a 45
degree angle and 2% osmium tetraoxide was placed at the lower level of
the same dish. The vapors from the osmium tetraoxide served as a fixative
for the cells. Following fixation for a period of 24 hr, the 11 mm
blocks were placed on 13 mm studs and placed in a Hummer Sputter Coater
System. The colonies were processed for 5 min in the sputter coater
prior to the scanning process. The blocks were scanned at 2550X, 2400X,
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12000X, 7000X and 6000X with a Scanning Electron Microscope.
Sensi-disc Antimicrobial Agent Studies
Sensitivity tests with antibiotic and sulfonamide discs were per
formed only with the isolate for which classification into a genus and
species could not be determined. The unclassifiable bacterium was diluted
from lil to 1000:1. Aliquots of each dilution were pipetted into petri
dishes, then poured with TGE. After solidification of the plates, high
and low potency discs (Tables 2 and 3) were placed aseptically on the
plates with a pair of forceps. The plates were incubated at 37 C and
observed for 48 hr for zones of clearing. The sensi-discs were purchased
from Baltimore Biological Laboratories.
Plant Infectivity Studies
Strawberry plants were purchased from the Nursey and Garden Center
in Atlanta, Georgia. These plants were inoculated with the unknown
bacterium. The leaves and soil of different plants were inoculated with
1 x 10 through 1 x 105 dilutions of the bacterium} the fruits, when in
season, were inoculated with a 1 x 10^ dilution of the isolate. These
inoculations were done aseptically with a 1 ml pipette. The leaves and
soil were inoculated for a period of 12 months. All of the plants were
maintained under green house conditions and were watered moderately.
Phage Typing Studies
Phage typing was performed using the procedure of Gerba (1975).
Water samples which contained phages were collected from the Griffin
Sewage Control Plant. Upon collection, these samples were enriched
14

































with Escherichia coli cells for approximately 30 min, afterwhich
chloroform was added in order to lyse the cells. The samples were then
filtered through two consecutive 0.45j^millipore filters and the filtrate
was collected. Two-tenths of the filtrate and 1.8 ml of the unknown
bacterium were added to 5 ml of molten TGE. This mixture was overlaid
onto TGE agar plates, incubated at 37 C and observed at 24 and 48 hr
intervals. The same procedure was repeated using E. coli cells.
CHAPTER IV
EXPERIMENTAL OBSERVATIONS
Six different microorganisms were isolated from frozen-pack
strawberries over a period of 5 months. Subsequent studies with one of
these isolates extended over one year.
Some of the characteristics of these microorganisms are presented
in Table 4. Of the 6 microorganisms isolated, 5 were easily classifiable
on the bases of their cultural, morphological, and biochemical properties.
These 5 isolates were identified as Micrococcus tetragenus, Aerobacter
aerogenes, Staphylococcus epidermidis, Proteus sp_., and Saccharomyces
cerevisiae. Isolate 6, a bacterium, was not classifiable into either
a genus or a species; therefore, the remaining experimental results will
be devoted to it.
Cultural Characteristics
The unidentifiable isolate was inoculated to several bacteriological
media commonly employed in isolation procedures of microorganisms from
food samples (Table 4). The medium that provided optimal growth condi
tions for the isolate was TGE. The colonies on this media are mucoid
in appearance and their average size within 24 hr measures8 mm (Fig. 1).
The colonies were white initially, but turned yellow to brownish yellow
with aging.
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Table 4. Some characteristics of the six isolates from frozen-pack strawberries.
Gram Neg. Acid Spore Capsule
IsOlates Pigmentation Stain Stain Fast Stain Stain Morphology MoHlii-
Micrococcus tetragenus W + (-) (-) (_\ r_\ r
Aerobacter aerogenes W - (-) (_) (_) r\ B
Staphylococcus albus W + (_) ("_■) r\ r_\ r
Proteus sp. W -





W- white; + = positive; - = negative; (+) procedure performed;















+ = positive; - = negative
Table 4 (Continued).
Litmus Milk Indole Nitrate H2S Kligler Urease




Proteus sp. - + +__+ _ +
Saccharomyces cerevisiae ----__
Unknown - - - - - Red top -
+ = positive; - = negative; (-) test not performed
O
Table 4 (Continued).
Glucose Ferm. Fructose Ferm. Maltose Ferm. Lactose Ferm.Sucrose Ferm.
Isolates Acid Gas Acid Gas Acid Gas Acid Gas Acid Gas
Micrococcus tetragenus + -- - -- ____
Aerobacter aerogenes + ++ + ++ ++_ +
Staphylococcus albus + -+ - +_ +_ + _
M
Proteus sp. ++++ ++-_ + +
Saccharomyces cerevisiae - -- - -_ ____
Unknown + -+ - +_ +- + _
+ = positive test; - = negative test
Table 4 (Continued).
Isolates N TGE BGA VRB EMB SA MS TG TPEY CV NBS
Micrococcus tetragenus + + (-) (-) (-) (-) (-) (-) (_) (_) (_)
Aerobacter aerogenes + + (-) (-) (-) (-) (-) (-) (_) (_) (_)
Staphylococcus albus + + (-) (-) (-) (-) (-) (-) (-) (_) (_)
Proteus sp. + + (-) (-) (-) (-) (-) (-) (-) (_) (_) £
Saccharomyces cerevisiae + + (-) (-) (-) + (-) (-) (_) (_) (_)
Unknown - + + - - - + + +
+ = positive growth; - = negative (no growth); (-) = media not used to test
cultural characteristics; N = nutrient broth (agar); TGE = tryptone glucose
extract broth (agar); BGA = billiant green agar; VRB = violet red bile agar;
EMB = eosin methylene blue; SA = sabouraud agar; MS = mannitol salt agar; TG =
tellurite glycine agar; TPEY = tellurite-polymyxin egg-york; CV = crystal
violet agar; NBS = nile blue sulfate agar
Table 4 (Continued).
Thermoduric Psychoduric Haloduric Osmoduric D Z
Isolates Test Test Test Test Value Value
Micrococcus tetragenus (-) (-) (-) (-) (-) (_)
Aerobacter aerogenes (-) (-) (-) (-) (_) (_)
Staphylococcus albus (-) (-) (-) (-) (_) (_)
Proteus sp. (-) (-) (-) (-) (_) (_) m
Saccharomyces cerevisiae (-) (-) (-) (-) (_) (_)
Unknown + + + + 8.5 hr 88 C
+ = positive; - = negative; (-) test not performed
Fig. 1. Photograph showing colony characteristics of
unclassifiable bacterium 100X.
Fig. 2. Photograph showing morphology of an
unclassifiable bacterium 100X.

Fig. 3. Photograph showing spore—like structures
of an unclassifiable bacterium lOOX.
Fig. 4. Photograph showing the size of an unclassifiable





Fig. 5. Photograph of an unclassifiable bacterium
from a negative stain preparation 100X.
Fig. 6. Scanning electron micrograph of an
unclassifiable bacterium at 6000X.
f’
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Fig. 7. Scanning electron micrograph of an
unclassifiable bacterium at l2000X.
Fig. 8. Scanning electron micrograph of an




Light and Scanning Electron Microscopy
Light microscopic observations of the Gram-stained unknown
bacterium were made with cultures ranging in age from 18 hr to 14 days.
These observations revealed that the organism is a Gram-negative rod
(Fig. 2) with several inclusions that appear spore-like (Fig. 3) in
morphological features and in staining properties. The 48 hr cultures
contained extremely large cells (FigS.4 and 5) that ranged in length
from 3-15/|m and varied in width from 2.4-4^m. Cells in all growth
stages were observed in their natural state with a phase contrast
microscope. These studies did not add to the knowledge already gained
from studies with a compound light microscope.
Further studies of the unknown isolate were done with a scanning
electron microscope (SEM) because there were doubts about the motile
ability of the organisms. Moreover, it was felt that the scanning
micrographs would shed some light on the spore-like inclusions that were
seen with a compound light microscope. The results of these studies
are presented in Figs. 6, 7, and 8. As the micrographs indicate, motile
appendages are not present on the bacterium's cell surface. However,
"bulges" are evident in many of the vegetative cells which may be
indicative of the spore-like inclusions.
Generation Time Studies
Prior to determination of the generation time by plating and
counting colony numbers, the cells were physiological synchronized.
The plating experiments were performed every hour over a 24 hr period.
The generation time was calculated to be 54 min.
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Spectroscopic Analysis
The spectroscopic data obtained were supportive of the generation
time studies. The amount of absorbance was measured every 30 min for
a period of 5 hr. There was an increase in the amount of absorbance
every 52 (+)3 min. The absorbance changed from 0.017 to 0.362 during
the first 53 min. Similar changes occurred each hr over a 5 hr period.
Antibiotic and Sulfonamide Sensi-disc Observations
The unidentifiable bacterium was tested with a variety of antibio
tic and sulfonamide sensi-discs of both low and high concentrations.
The organisms were sensitive to most of the antibiotics tested and were
resistant to majority of the sulfonamides. The results for the anti
biotic studies are presented in Table 5 and those for the sulfonamide
studies are presented in Table 6.
Preliminary Infectivity Studies
The unknown isolate was indirectly inoculated to strawberry plants
by way of the soil, leaves and fruits. The organism had no visible ef
fect on the leaves; however, 24 hr after fruit inoculations, dessication
became apparent and within a 72 hr period the fruits appeared completely
dessicated. The organism was recovered from the dessicated fruits by
the SPC techique.
Phage Typing Studies
The data that were obtained from the phage typing investigations
did not yield a positive reaction between the phages that were present
in the water sample and the unknown bacterial cells. The results, however
30

































































did indicate that the sample did contain phages, as was demonstrated by
the development of plaques on the medium within a 24 hr period when
E. coli was used as the indicator.
CHAPTER V
DISCUSSION
The first report in the literature on the preservation of straw
berries, other fruits and vegetables by low temperatures was made by
Fulton in 1907. It was not until 27 years later (Smart, 1934) that
concern for the health of consumers of frozen products, including straw
berries, became apparent. During that time, scientists began to in
vestigate the microbial flora of fresh strawberries, fresh strawberries
going into frozen pack, and frozen strawberries (Berry 1933; Smart 1932,
1934; and Plakidas, 1964). Berry (1933) isolated Aerobacter aerogenes,
Staphylococcus aureus and £. albus from fresh strawberries; while Smart
(1934) has shown that the predominant organisms isolated from frozen-
pack strawberries were various species of Bacillus, Penicillium sp., and
several types of yeast cells. In this investigation of the microbial
flora of frozen-pack strawberries, the data gathered more closely
paralleled the findings of Berry (1933) for fresh strawberries, than
those of Smart (1934) for frozen-pack strawberries. The microbes isolate-
ed were Micrococcus tetragenus, Aerobacter aerogenes, Staphylococcus
epidermidis, Proteus sp., Saccharomyces cerevisiae and an unclassifiable
bacterium. The isolates that were identified are generally associated
with soil, water, vegetation and/or humans. They could have possibly
been introduced into the fruit during processing or the menstrum may
have contributed to their presence. All of these microorganisms were
33
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isolated from Naturipe brand strawberries. The unclassifiable bacterium
exhibited unusual characteristics. It appears to be a Gram-negative
spore-forming rod with dimensions exceeding that of the largest bacterial
cells described in Bergey's Manual of Determinative Bacteriology (1974).
This microbe is of interest because there are only three well known
spore-forming bacteria; they all share two common characteristics, that
is, they are Gram-positive organisms with one spore per vegetative cell.
Two of them, Bacillus sp. and Clostridium sp., are rod-shaped organisms
with the former being aerobic. They are organisms commonly isolated
in nature. The third spore-forming bacterium, Sporosarcina, is a Gram-
positive coccus that is rarely observed. The unknown isolated in this
study appears to have several spores per vegetative cell. However, the
vegetative cells and the spore-like inclusions need to be studied with
the transmission electron microscope for further details in term of
their structures. Moreover, the chemical composition of the spore-like
inclusions needs to be investigated.
CHAPTER VI
SUMMARY AND CONCLUSIONS
The present investigation was undertaken in order to study the
microbial flora of frozen-pack strawberries. The strawberries were
diluted 1:1, 1:10; samples were plated out, and six microorganisms were
isolated from the Naturipe brand. Not any organisms were isolated from
Orchard Charm. Of the six isolates, five were identified as Micrococcus
tetragenus, Aerobacter aerogenes, Staphylococcus aureus, S_. epidermidis,
Proteus sp., and Saccharomyces cerevisiae. The sixth isolate was not
classifiable into either a genus or a species. The organism is a Gram-
negative rod with several inclusions that appear spore-like in morphologi
cal features and staining properties. It ranges in length from 3 to 15
am and varies in width from 2-4 urn. The results of this study indicate
that the microbe is a hitherto undescribed genus and species.
When dilutions of the unknown organism were inoculated to the
leaves, fruits and the soil of the strawberry plants, only the fruits
became affected. The change in the fruits was manifested in the form
of dessication. The organism was re-isolated by blending and plating
procedures. This isolate was subjected to studies described by Bergey's
Manual of Determinative Bacteriology and identified as the original
microbe that was inoculated upon the strawberries.
Preliminary infectivfcty studies of the strawberry plants with the
unknown isolate demonstrated that it caused dessication of the fruit,
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while leaving the leaves and stems unaffected. It could possibly be
considered normal flora of strawberries or perhaps it was introduced into
the product during processing. The dessication/decay events observed could
have been a natural phenomenon of food procurement and not a pathologic
occurrence. Further studies along these lines are desirous. The
organism was re-isolated from dessicated fruits by blending and plating
procedures. It was then re-examined for its staining, morphological and
selected biochemical reactions. These properties conformed to the initial
results described in Table 4 of the chapter on Experimental Observations.
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